and 1 at WXalter Reed Armi-y Hospital. In 12 of the cases the diagnosis of tricuspid stenosis was nmade clinicallv either before catheterization o1' without knowledge of the phvsiologic data. In the thirteenth case the diagnosis was known beforehand. In one of the earlier patients in this series the diagnosis of tricuspid stenosis was nlade dlinically, was niissed at catheterization, but was proved at autopsy.
Aside from routine electrocardiogramis, chest xrays, and fluoroseopy of the heart, venous catheterization was performed in all patients, and left heart catheterization in 9. The diagiioses were further confirmed at surgery in 8 patients, and at autopsy in 2. The physiologic diagnoses of tricuspid stenosis were based principally on the criteri-a of Killip anld Lukas. 8 The most refined technic in our experienee consisted of the use of a doublelumen catheter with siimlultaneous right atrial and right ventricular pressure pulses imiscribed fromythe same base line on a photographic recorder after exercise and during deep respiratorv excursions.
The transvalvular gradient, exaggerated by exercise, was further mnagnified during inspiration. It should be eminphasized that simple continuous recording of pressure while the catheter was pulled from the right veentriele into the right atrium was a relatively insensitive niiethod and could occasionally-miiss sigmiificant ti'icuspid stenosis.
In 12 of the 13 patieiits thoracic wall logarhythmie phonocardiogramns were taken with either a 3-chaninel Cambridge mlodel or a Sanborn Twin-Beaum recorder at paper speeds of 50 to 75 inm. per seeond. In 3 patients intracardiae phonocardiograms were taken with a catheter-tip microphone.' Indirect carotid and jugular venous pressure pulses were taken with a pulse wave amplifier attached to the neck with a suction cup. In 8 patients, simultaneous right atrial and right ventricular pressure pulses were inscribed on a cathode-ray recorder or on a Sanborn Twin-Viso recorder. Simultaneous left atrial and left ventricular pulses were obtained by means of the bronchoseopic technic of left heart catheterization.jt Retrograde A right ventricular lift was conspicuous in 3 patients, and moderate in a fourth, who developed increasing congestive heart failure after the onset of atrial fibrillation. The sound of pulmonary valve closure was palpable in only 2 instances. A lower left sternal edge diastolic thrill, which either appeared or increased with inspiration, was present in 4 cases. Palpation of the left ventriele and of mitral and aortic thrills varied with the coexisting valvular diseases.
Auscultatory and Phonocardiographic Findings
The first heart sound was obviously accentuated in 7 cases, moderately accentuated in 3, and within normal linmits in 3. In the case with no evident mitral valve disease, mitral valve closure was of normal intensity and tricuspid closure was moderately inereased. The first sound was single in 6 instances and was split into mitral and tricuspid valve components17 in 7 instanees. The seconid heart sound was single in 10 instances, and split into pulmonic and aortic components in 3 instances. One of these latter cases had aortic stenosis and the second sound was paradoxically split. ' valve closure, an interval corresponding to the estinmated duration of right ventricular isometric diastole, (2) the failure of the interval between the single second sound and the additional sound to inerease with inspiration as it might if these events were aortic and pulmlonic valve closures, (3) the identification of normal inspiratory splittilng and expiratory synchrony of the second sound in 1 of the 2 patients, and (4) the identification in both patients of a separate later sound with the timing of a mitral opening snap. The precedence in the cardiac cycle of tricuspid over mitral opening snap (first and fourth criteria) is at variance with statements of others10 and is based on the following observations. In the dog, isometric right ventricular diastole (the interval betweeni closure of the pulmonary valve and opening of the tricuspid) is significantly shorter thani isometric left ventricular diastole (the interval between closure of the aortic valve and opening of the mitral).19 The sequence of events of the cardiac cycle in the dog and in man is generally similar.20 Finally, the opening sound of the tricuspid valve that is believed to occur occasionally in atrial septal defeet 21, 22 has an early timing consistent with the foregoing colitentions.
In all patients the diastolic murmur of tricuspid stenosis was appreciated. This murmur was presystolic, with absent or trivial middiastolic components in the patients with sinus rhythm ( fig. 3 ) and was umid-diastolic 4, dynamic significance, our data do suggest that proper assessment of physiologic severity often depends upon the initial clinical index of suspicion. Careful attention to the history, to the entire spectrum of physical signs, to the electrocardiogram, and to the x-ray, should allow a confident diagnosis in a substailtial majority of cases.
The first feature that might arouse suspicion is the history in a patient with mitral stenosis, who, although perhaps dyspneic and orthopneic, displays a relative paucity of acute paroxysmal symptoms such as pulmonary edema, paroxysmal nocturnal dyspnea, and the pulmonary apoplexy type of hemoptysis.14 This could result from an attentuating effect of the tricuspid obstruction on abrupt increases in blood flow into the lesser circulation. This assumption might also underlie previous observations that in more advanced cases of tricuspid stenosis incapacity may not be so pronounced as one would expect from the recurrent hepatomegaly, ascites, and edema.27 Although the suggestion of the "protective" role of the stenotic tricuspid valve has been commented upon,2' 7 it appears that from the symptomatic point of view it may be the paroxysmal features of pulmonary symptomatology that are niost frequently attenuated.
It is in the physical signs, however, that the highest index of suspicion is aroused. The peripheral arterial pulse (brachial and carotids were routinely palpated) was of interest in two respects. First, to emphasize that the prominent pulsation seen in the neck was venous and not arterial, and second, to detect evidence of aortic insufficiency (especially the pulsus bisferiens28) as an aid in distinguishing a left parasternal early diastolic Note e aidnce of right atrial enldarcetarnt in lea,d II and veyative erid wce oaf right re)atricular hypertrophy in lead V1. In nio. 9 of atrial fibrillation (fig. 1B) .
At this point in the physical examination onie should carry palpationi of the precordiunm to the lower left sternal edge to seek the tricuspid stenotic thrill. The fingertips should explore the area carefully being aware that the thrill not only may be exceedingly limited in location, but typically will inerease with inspiration and decrease with expiration.
Auscultation is the most important phase of the examinationi and is even more rewarding when applied with the heightened index of suspicion allowed by the foregoing physical signs. Evidence of dominant mitral stenosis is almost always present. It appears that trieuspid stenosis occurs so uneommonly with dominant mitral insufficiency that the diagnosis of this combination should be considered with caution.3 The first heart sound at the cardiac apex and lower left sternal edge was either moderately accentuated or normal in 6 of the 13 cases. Absence of consistent, obvious accentuation may be related to the relatively frequent prolongation of P-R interval ( fig. 9 ) associated with the right atrial enlargement25 of trieuspid sten-osis. The first heart sound was often split (7 splitting of the second heart sound occurred in only 3 instances. This suggests that in the presenee of tricuspid valve obstruction the iinspiratory augmentation of right ventricular filling may be inipeded, and henee the inspiratory increase in right ventricular stroke volume and the inspiratory delay in pulmonary valve closure muay nlot readily occur. 33 Following the second heart sound the tricuspid opening snap34 may be generated ( fig.   2 ). Because the value of this sign has been emphasized,35 it was repeatedly sought for, but not convincingly appreciated by auseultation in any of our eases. It was, however, considered to have been recorded in two instanees. Although the opening snap of the tricuspid valve can thus occasionally be recorded, its value in the clinical diagnosis of tricuspid stenosis is likely to be limited. The most important auscultatory sign is the tricuspid stenotie murm-ur itself. Our studies suggest that in the majority of cases this murmur can be clearly distinguished fronm the accompanving murmur of mitral stenosis. Auscultatioii should begin at the cardiac apex, where the murnmur of miitral stenosis is most evident, an-d proceed in small inierements toward the lower left sternal edge. The mitral murmur will often fade between the apex and left sterlnal edge before the tricuspid murmur becomes evident. The area where the murmur of tricuspid stenosis should be sought is, theni, along the lower left sternal edge, usually localized to the fourth or fifth initercostal spaces, but occasionally heard in the third interspace. It is imperative to emphasize this point, since it is still generally stated36 that the tricuspid area is along the right sternal edge or over the xiphoid. The anatomic position of the tricuspid valve, especially in the presence of right 359 atrial enlargement, together with the rightto-left direction of the jet across this stenotic valve, make the lower left sternal edge the appropriate area for auscultation of the murmur of tricuspid stenosis.4 Since the area in which the murmur is appreciated might be exceedingly limited, a careful geographic search of the region must be made.
In those cases of sinus rhythm the murmur was predominantly, if not exclusively, presystolic ( fig. 3) . A mid-diastolic component was either trivial or absent, although recordable with an intracardiae microphone in the right ventricle ( fig. 5 ). Since the P-R interval is commonly prolonged in tricuspid stenosis, probably reflecting right atrial enlargemnent,25 the presystolic murmur is often remarkably discrete. The patient in this series in whom the auseultatory diagnosis of tricuspid stenosis was most difficult was the only one with a short P-R interval resulting in a very brief period between onset of presystolic murmur and first heart sound ( fig. 9 , parts lOa and lOb). In atrial fibrillation the tricuspid stenotic murmur begins earlier in diastole during the rapid flow phase (fig. 4) . It may then continue with decreasing intensity up to the subsequent first heart sound.
The quality of the murmur of tricuspid stenosis was not uncommonly indistinguishable from that of the mitral stenotic murmur, but one occasionally got the impression that the tricuspid murmur was more superficial and higher pitched than the murmur of mitral stenosis. 4 The mechanism underlying the inspiratory increase in the murmur of tricuspid stenosis as opposed to the murmur of mitral stenosis was considered in the following fashion. All structures in the thorax should share equally the respiratory variations in intrathoracic pressure.39 Therefore, during inspiration as the pressure in the cardiac chambers decreases, the pressure in the right side of the heart falls below that in the extrathoracic systemic veins, but the pressure in the left side of the heart falls equally with that in the intrathoracie pulmonary veins. Hence, there is a selective inspiratory increase in systemic venous filling pressure and a selective inspiratory increase in right heart filling. This is thought to be the major cause of the increase in the right ventricular stroke volume that gives rise to the delay in pulmonary valve closure, resulting in normal inspiratory splitting of the second heart sound. 40 In tricuspid stenosis the inspiratory increase in right ventricular filling is altered by the valvular obstruction. When simultaneous right atrial and right ventricular pressure pulses are recorded through a doublelumen catheter, the transvalvular gradient is seen to increase during inspiration and to decrease during expiration (figs. 6 and 7). Since the inspiratory increase in gradient occurs in the presenee of a constant orifice size, there must be an inspiratory increase in transvalvular flow, which is reflected in the inspiratory increase in tricuspid stenotic murmur.8' 41 As an augmented volume of blood enters the right atrium during inspiration, the stenotic lesion impedes its free entry into the right ventricle. Therefore, the pressure in Circulation, Volume (fig. 9 ). The most rewarding x-ray was the simple posteroanterior view ( fig. 10 ). The combination of only slight to modest enlargement of the pulmonary artery segment associated with the coimtour of an enlarged right atrium along the lower cardiac silhouette was of value in suggesting that the right atrial enlargemnent was not due to significant pulmonary hypertensionl, and hence was of further help in assessing the large "A" waves.
In consolidation of the features in the foregoing discussion attention should be directed to the following points in the clinical recognition of tricuspid stenosis: (1) the patient is usually female, commonly considered to have rheumatic mitral stenosis; (2) there is a relative paucity of paroxvsmal pulmonary symptoms, and occasionallv the patienit may be aware of the pulsatinig "A" wave in the neck; (3) examination of the jugular venous pulse in sinus rhythm reveals an abnormally large, often giant, "A" wave, a shallow "V "' wave and gentle "Y" descent, or in atrial fibrillation reveals an elevated "V" wave with a gentle "Y" deseent, these occurring in the absence of the physical, electrocardiographic, or radiologic signls of right ventricular hypertension; (4) dominant mitral stenosis is likely to be present, although the aortic valve may be either uninlvolved, purely stenotic, purelv insufficient, or a combination of both; (3) auscultation in the area along the lower left sternal edge will reveal principally or exclusively a presystolic murmur with sinus rhythm, or a nmid-diastolic murmur with atrial fibrillation, each of which selectively inereases with inspiration and decreases with expiration; auscultation of the second heart sound during active respiration generally will reveal absence of inspiratory splitting; (6) the electrocardiogram may reveal evidenee of right atrial enlargement without right ventricular hypertrophy; and (7) a posteroanterior view of the chest may reveal only modest enlargement of the pulmonary artery segment in the presenee of right atrial enlargement.
Summary
Clinical criteria for the recognition of tricuspid stenosis were studied in 13 cases, all personally observed by the authors. The results suggest that application of these criteria not only allows a confident diagnosis of tricuspid stenosis in a substantial majority of cases, but also allows the lesion to be recognized relatively early in its natural history.
